Sequence analysis of a 795 nucleotide region of the fish rhabdovirus viral haemorrhagic septicaemia virus (VHSV) genome revealed one complete and one partial ORF of 369 and 153 nucleotides, respectively. The latter ORF probably encodes the amino-terminal part of the L (polymerase) protein. The former ORF potentially encodes a 122 amino acid protein. The location of this ORF as well as the size and deduced structure of the translation product indicate that it represents a hom-ologue of the non-virion (NV) protein of the related infectious haematopoietic necrosis virus (IHNV). Antisera raised against prokaryotically expressed NV protein of VHSV and IHNV were used to detect NV expression in VHSV-and IHNV-infected cells by Western Blot and immunofluorescence analyses. We present here the sequence of the VHSV NV gene and demonstrate the presence of IHNV and VHSV NV proteins in virusinfected cells.
Sequence analysis of a 795 nucleotide region of the fish rhabdovirus viral haemorrhagic septicaemia virus (VHSV) genome revealed one complete and one partial ORF of 369 and 153 nucleotides, respectively. The latter ORF probably encodes the amino-terminal part of the L (polymerase) protein. The former ORF potentially encodes a 122 amino acid protein. The location of this ORF as well as the size and deduced structure of the translation product indicate that it represents a hom-ologue of the non-virion (NV) protein of the related infectious haematopoietic necrosis virus (IHNV). Antisera raised against prokaryotically expressed NV protein of VHSV and IHNV were used to detect NV expression in VHSV-and IHNV-infected cells by Western Blot and immunofluorescence analyses. We present here the sequence of the VHSV NV gene and demonstrate the presence of IHNV and VHSV NV proteins in virusinfected cells. Viral haemorrhagic septicaemia virus (VHSV) and infectious haematopoietic necrosis virus (IHNV) cause serious diseases in salmonid fish (Wolf, 1988) . Both viruses are classified among the 'ungrouped' rhabdoviruses. The Rhabdoviridae represent one of the families within the order Mononegavirales (Murphy et al., 1995) . VHSV and IHNV are similar in several biological properties as opposed to other fish rhabdoviruses such as spring viraemia of carp (SVC) and pike fry rhabdovirus (PFR; Lenoir & DeKinkelin, 1975) . Both VHSV and IHNV have an optimal growth temperature of 12-14 °C in tissue culture (DeKinkelin & LeBerre, 1979) , cause similar cytopathology (Mourton et al., 1990) , induce interferon synthesis (DeKinkelin et al., 1982) and have a similar protein structure (Hill et al., 1975; Lenoir & DeKinkelin, 1975) .
The genome of the Rhabdoviridae consists of a nonsegmented negative-sense single-stranded RNA of approximately 11 kb (Hill et al., 1975; Murphy et al., 1995; Schfitze et at., 1995) . Five structural viral proteins have been identified: the nucleoprotein (N), the phosphoprotein (M1), the matrix protein (M2), the glycoprotein (G) and the RNA polymerase (L) (Hill et al., 1975) . In IHNV, determination of the complete sequence (Schiitze * Author for correspondence. Fax +49 38351 7219. et al., 1995) confirmed the presence predicted by R-loop mapping of an additional gene located between the G and L genes which presumably encodes a non-structural so-called 'non-virion' (NV) protein. This results in a genomic organization of 3' N-M 1-M2-G-NV-L 5'. In vitro translatable messenger RNA for the NV protein has been isolated from IHNVinfected cells, although no corresponding protein has so far been detected in virus-infected cells Schtitze et al., 1995) . Genome organization is, therefore, different from those of other rhabdoviruses such as rabies virus (RV) of the genus Lyssavirus, where only a non-transcribed pseudogene is present between the G and L genes (Tordo et al., 1986) , or vesicular stomatitis virus (VSV) of the genus Vesiculovirus, where only genes for the five structural proteins have been detected (Rose, 1980) . Compared to VSV and RV, little is known about the molecular biology of VHSV. So far, only the genes coding for the structural proteins N, M 1, M2 and G have been sequenced (Benmansour et al., 1994; Bernard et al., 1990; Thiry et al., 1991) . In addition, transcriptional start signals and the phosphorylation status of the nucleoprotein, the phosphoprotein, and the matrix protein were determined (Benmansour et al., 1994; Bernard et al., 1990) . However, information about a possible NV protein in VHSV has not been published so far. Therefore, it was of interest to determine whether VHSV does encode an IHNV NV-homologous protein.
To this end, we cloned the VHSV genome after cDNA synthesis and RT-PCR using specific primers. Fragments encompassing the coding regions for the N, G, M1 and M2 proteins (as well as respective intergenic regions) were obtained and sequenced (data not shown; H. Schtitze, unpublished data, GenEMBL accession no. X73873). cDNA synthesis on viral RNA (Chomzynski & Sacchi, 1987; Gubler & Hoffmann, 1983 ) from VHSV strain Fil3 (serotype F1) was performed using specific primer VG4 (5' GCA AGG CGT CCC CTC CCA TTC CAA ATT ACG 3') derived from the G gene (nt 4245-4274) for first-strand synthesis. The second-strand synthesis was initiated by RNaseH, which nicks the RNA strand of the RNA:cDNA hybrid. DNA polymerase I was used to replace RNA with DNA by nick translation (Time Saver cDNA synthesis kit: secondstrand mix; Pharmacia Biotech; Gubler & Hoffmann, 1983) . Resulting cDNAs were treated with Klenow fragment of DNA polymerase to create blunt ends, size fractionated by agarose gel electrophoresis and long cDNA fragments were eluted and ligated into Sinaicleaved dephosphorylated vector pSP73 (Promega).
Resulting libraries were screened with fluorescein-dUTP labelled primer deduced from our own sequence determination (5' AAG CTT CAG ACC GTC TGA CTT CTG GAG AAC 3'; nt 4291-4325, reverse orientation). A 795 nt VHSV genomic fragment could thus be obtained. Its sequence was determined on both strands by the dideoxynucleotide chain-termination method according to standard protocols [Sequenase Version 2.0 DNA, and Sequenase 7-deaza-dGTP sequencing kits; USB-Amersham/Eife Science). Sequence data for three independent clones encompassing this area of the viral genome proved to be identical. Within this region, two ORFs were detected. One ORF is only partially contained within this fragment starting at nt 4886 and terminating beyond the end of the insert. The deduced 51 amino acids (aa) show 61% identity to the first 50 aa of the L polymerase of IHNV (Schtitze et al., 1995: GenEMBL accession no. X892t3). Therefore, this ORF most likely encodes the amino-terminal part of the VHSV L protein.
The second ORF is located between nt 4390-4758. The ATG codon is situated in a perfect translation initiation context as proposed by Kozak (1989) . Therefore, it is likely to function as the start codon for a 122 aa protein with a calculated molecular mass of 14 kDa. The deduced amino acid sequence of this ORF exhibits 23 % identity and 48 % similarity to the deduced NV protein of IHNV (Schtitze et al., 1995; GenEMBL accession no. X89213). Similar to the NV protein of IHNV, several potential phosphorylation sites are predicted. IHNV NV contains two putative casein kinase II (aa 8 and 72) and three protein kinase C (aa 44, 57 and 58) phosphorylation sites. Within the 14 kDa VHSV protein, a total of eight putative phosphorylation sites specific for casein kinase II (aa 43, 76, 99 and 107), protein kinase C (aa 22, 62 and 95) or tyrosine kinase (aa 24) were detected (Devereux et al., 1984) . Whether both proteins are indeed phosphorylated is unknown. At the 3' end of this ORF a conserved polyadenylation sequence [AGATAGA (7) ] is present. This sequence can be detected at the terminus of every sizeable ORF found in the VHSV genome (Benmansour et al., 1994; Bernard et al,, 1990 ; Thiry et al., 1991 ; H. Schiitze, unpublished data: EMBL, X73873) and is similar to that found in intergenic regions of IHNV [AGAYAG/CA (7)] (Schtitze et al., 1995) , rabies virus [NTGA (7)] (Tordo et al., 1986) and VSV [TATGA (7)] (Rose, 1980) . Our sequence analysis thus confirmed the existence of an additional ORF located between the G and L genes in the VHSV genome. The presence of the conserved termination/ polyadenylation signal already strongly indicated that this gene is actually transcribed and translated. However, a matching protein product has not been detected so far. To directly assay expression of VHSV NV, the distinct gene was amplified by PCR from the cDNA clone using specific primers containing a NdeI restriction site at the 3' end and a XhoI site at the 5' end (genomic polarity). The PCR product was cloned into NdeI/XhoI-cleaved vector pET-23B (Novagen) and expressed under control of bacteriophage T7 transcription and translation signals in Escherichia coli B121 pLysS as described ~Schtitze et al., 1995) . Bacterial proteins were fractionated by SDS PAGE and reacted in Western blot with a rabbit anti-VHSV serum prepared after immunization of a rabbit with purified VHS virions. After induction of expression, a prominent 14 kDa protein was observed after Coomassie blue staining (Fig. l a+ lane 3) . This protein was also weakly recognized by the anti-VHSV serum (Fig. l b, lane 3) . In purified virion preparations ( Fig. 1 a, b; lanes 4, 5) a protein with a similar mobility could not be detected even after overexposure of the film (Fig. 1 b, lane 5) . So far, it is unclear whether the NV protein is indeed located in mature virions, or whether the virion preparation used for immunization of the rabbit contained proteins from infected cell debris. Similar results have been obtained for the NV protein of IHNV (Schtitze et al., 1995) .
To obtain specific antisera for a more detailed characterization of the NV protein, rabbits were immunized subcutaneously three times at 3 week intervals with 1 ml of bacterial lysate containing IHNV or VHSV NV protein in 0.1% SDS and 0.02% 2-mercaptoethanol followed by a fourth injection 4 weeks later. Serum samples were obtained 10 days after each injection and analysed in a Western blot. In lysates from VHSVinfected rainbow trout gonadal tissue (RTG-2) cells, the anti-VHSV NV serum specifically recognized a 14 kDa protein (Fig. 2b, lane 2) as compared to uninfected cells ( Fig. 2b, lane 1) or either uninfected or IHNV-infected epithelioma papulosum cyprini (EPC) cells (Fig. 2b,  lanes 3, 4) . On the other hand, the anti-IHNV NV serum recognized a 13 kDa protein in IHNV-infected EPC cells (Fig. 2 c, lane 4) which was absent from uninfected EPC (Fig, 2c, lane 3) , uninfected R T G (Fig. 2c, lane 1) or VHSV-infected R T G cells (Fig. 2c, lane 2) . These results show that in VHSV-and IHNV-infected cells NV protein is expressed and, as expected from the relatively low homology between the two proteins, that the antisera did not crossreact.
To determine the intracellular localization of the NV proteins of VHSV and IHNV, immunofluorescence studies were performed. To this end, R T G and EPC cells were infected at a m.o.i, of 1.0 with VHSV and IHNV, respectively. Forty-eight hours after infection, cultures were fixed with acetone and incubated with 1 : 60 diluted rabbit anti-NV serum. For detection of bound antibody, fluorescein-conjugated swine anti-rabbit immunoglobulin G (Dako) was used at a dilution of 1:400. As shown in Fig. 3 , reaction with the anti-VHSV serum (dilution of 1:300) resulted in an evenly distributed cytoplasmic fluorescence in VHSV-infected R T G cells (Fig. 3 e) , similar to that seen after incubation of I H N Vinfected EPC cells with the 1:500 diluted anti-IHNV serum (Fig. 3f) . In contrast, both anti-NV sera strongly reacted with coarse cytoplasmic granuloid structures in VHSV- (Fig. 3 c) or IHNV-infected cells (Fig. 3d ). No specific reactivity was observed in uninfected RTG cells with the anti-VHSV NV serum (Fig. 3a) or uninfected EPC cells with the anti-IHNV NV serum (Fig. 3b ). Specific reactivity with the NV sera was observed at different analysed time points (data not shown). Again, cross-reactivity between the anti-NV sera was not detected.
In conclusion, we show that VHSV encodes a protein homologous to the NV protein of IHNV. Presence of both IHNV and VHSV NV proteins in virus-infected cells was for the first time demonstrated using antisera specific for either protein. Demonstration of the NV protein in VHSV and IHNV further substantiates the close relationship between these two fish pathogens within the rhabdovirus family. Future studies are directed towards identification of a functional role for these proteins in the replicative cycle of fish rhabdoviruses.
